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TECHNICAL REPORT 


Analysis of the gamma-radiation background measurements mad 
by the Nuclear Radiation Monitor (NRM) flown on Spacelab-2 has 
proceeded. Current work was reported as a Space Sciences 
Laboratory Preprint, No. 88-136, appended to this report. 



GAMMA RADIATION BACKGROUND MEASUREMENTS 
FROM SPACELAB 2 

William S. Paciesas,* John C. Gregory,* 
and Gerald J. Fishman 




SPACE SCIENCE LABORATORY 
PREPRINT SERIES 
NO. 88-136 


* University of Alabama in Huntsville 
Huntsville, Alabama 358'jy 


gamma radiation background measurements from SPACELAB 2 

William S. Paciesas and John C. Gxe f ox J 
University of Alabama in Huntsville, AL 35899 


Space 


Science 


Gerald J. Fishman 
Laboratory, NASA/Marshall Space 
Huntsville, AL 35812 


Flight Center 


abstract 

A Nuclear Radiation Monitor Incorporating * 
scintillation detector was flovm as part of i the ’.rtflcWion fl^ 

-*1^ cLn . M , 

throughout «.« of «J C S“ ta r St«i.«"'? !r .S , th.' geomagnetic 
Knowledge of th y measurement of the various 

dependence of ^ counting r back und; prompt secondary 

relevant examples of typical background behavior. 

introduction 

The usefulness of the Space Shuttle as a platform for high 
energ? astrophysics experiments Is highly dependent upon the 
soectfrura and Intensity of the ambient radiation background The 

Nuclear Radiation Monitor (NRM) was developed to ch, aract. « lze J 

ray proton, electron and neutron environment inside the Shuttle 
oavload bay during orbital operations. To this end, the NRM 
included in the Verification Flight Instrumentation on the Spaced 
2 mission where it operated continuously during the orbital P° rtL0 
of the flight. The data are currently being analyzed to distinguish 
among the various background components: primary radiation inc 

on the spacecraft (generally well-known from previous 
And secondary radiation from the spacecraft o 

atmosphere T^e secondary spac.cr.ft radiation spectrum s 
difficult to calculate or predict because its production epen s 
f complex way on the composition and distribution of material^ 
Although thi y s implies that the NRM measurements hold in the 
Although tn p Soacelab 2 other Shuttle missions may be 

" ff'u .'n't iT” 1 mil. r to P m.k. th. data relevant to other 

experimenters , either In Instrument design or r ‘" mJ purpose 

from the NRM is available to other experimenters for this purp 

EXPERIMENT DESCRIPTION 

The NRM consists of a 12.7 cm diameter, 12^7 cm j^rhifk 

central detector shielded on the front and side by a 1 cm thick 
plastic scintillator. The configuration resulted m a nearly 
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oanidirectional respond, with an effective energy^threshoid^of -80 

keV and an energy r ® so u ° - ^ Space Shuttle Challenger and 

installed in the payload bay of the Space b 6 198 5) . 

varied between 290 and 327 ta. The NRM was "^te^ona ^oad bay 

pallet no. 3, approximately 1 m a ove “ objects The NRM thus 

c-tii ar least 2 meters away from any massive odj 

-rrn s ygz? TS: 

... _ rt f i 5 15 and 150 keV/channel) with 20.16 s tim 

(dispersions of L.5, id ano i-> / resolution, 

resolution and 16-channel rates with 5.25* accumu lated 

= - — 

are described in more detail elsewhere . 

DATA ANALYSIS 


The data have been organized into twc ^ datahaae, ^efficient 

corrections "nd gains' STSZS 31 resolution of 20. 

The other contains the 16 -channel gamma ray and ch «5 P 

" rs: 1 r^e^; ££ 

^*2 JSS? in ^coincidence scinUUator (the 

latter are predominantly charged particle e - 

characteristic sinusoidal modulation of the background results from 
^orbital position dependence of the cosmic -y secondary 
production in the atmosphere and the spacecraf . S , 

increases over the basic orbital modulation are produced by at least 

two processes. In one case, 'passages through the S °^ e a ha rd 

. nnnia l v /c Ml reeion produce intense events which have a hard 
^rl.' snooth^e structure . and durations of : about 15 ninute^ 
tl. other case is due to precipitating energetic electrons whi 
produce bremss trahlung x-rays by interacting with the atnosphere or 
rha snacecraft These events are seen only at high latitudes ana 
£eT.U^y soft spectra, they j are not P™ 

rapid^ complex ^temporal^variacion^on ti»«caieS f assort as^ .. 

Figur e aS 3* e o f '^ef .^1 ) Pt ° C Based* 1 ©!! other studies of precipitating 
Figure J or ' . - „ f we conclude that the such 

p 1 prtrons 3 .t b i. jtb Icicitucies ( C f • R6 £• ✓» , . . . r- . u 

* £ 

"Ir ^ “ th . e 

The softness of the br.msstrahlung *^t™ ^ «i4»t. 
the e- folding energy of the excess those of low 

7* ray spectra of Stt passages typically differ fron of^ 

background regions in intensity but not i p 
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Figure 1. Background data from the NRM during the Spacelab 2 
regions and "the integral hunting r^: 

with the plastic (due mostly to charged particles). Several reg 
of increased background due to trapped electrons (E) and P 

(SAA) are indicated, superimposed on ^ ^t^span" Vs' orbits" with 
to geomagnetic latitude variations. The data span /•> 

20.16 s time resolution. 



Figure 2. Spectrum of low energy 7 -rays during 
enhancement compared with a normal background spectrum 
scale is —1.5 keV/channel. 


an electron 
The energy 
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distinction of proton enhancements shows up primarily in the 
b^^The* contribution^ of^a'rth alWo’to the background effects » U 

rsrsz'z zzzizssu ' ~ 

c « - z&STZ 

p^^;^ d of 

to the fact 'hat the sky backgro ^ tu „ sl(C „„ es «. sh own in 

Figure*"^ a S:1rosso'er point (wh.re the earth and the sky have the 
~ p'~ and energetic 

contribute to the Ue 

detector and surrounding materl * NRM by observing the 

ESS* iS.r^cr'W^tLIf th. ^I dececcor 

e ^“A-l^p. t r«rr k c.S. b *uSS ^Uffifuntly low background 
conditions. ^ r.^tt.rnSTf'Vnarg.tic 

are assumed to be much better-known than the neutron flux) . 


ORBITER ROLL EPISOOE 



FI sure 3 NRM 7 -ray counting rates spanning an episode of arbiter 
loti The roll period of -300 s is superimposed on the orbital 
Variations The phase reversal due to the difference in spectral 
hardness between sky backgro und and ‘ n ^ 

lowest energy band near the minimum or tne 
time resolution of the data is 20.16 s. 
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Fizure A A comparison of background spectra taken during a) earth- 
pointing and 6) ^-pointing interval,. The relative hardneas ,£ 
the earth albedo is evident. 


The NRM was received at tiSFC approximately three weeks after 
the end of the mission at^h time 

detectability 0 ^ith ^he NRM in a low-background counting facill ^J 
at MSFC we observed a y-ray line which was consistent in ^ergy and 
half-life with the most prominent line expected from I decay 
within the detector (699 keV and 13 d. respectively; because the 

decay mode is the 

daughter 1 " tellurium K-shell binding energy of 32 keV) . The 
bHeen in figure 5, which shows spectra taken atv =l nterv 

background lines . Tc^of O. WetV/s/k^ 

Nal. ra tith° n an “uncertainty of -50% due predominantly to systematic 

err ° r Simtlar measurements performed on Apollo 17 3 and the Apollo - 
Sovuz Test Project (ASTP) 4 are compared with the present resu 

Table 1 fro. which 1« appear, that evidence for neutr 0n ,mv, 

on Soacelab 2 is Less strong than on the Apollo- 17 and ASiP 
missions More direct measurements of the energetic neutron fiance 
on Spacelab 2 by Parnell at al 1 support this conclusion the 

^dS::^ r;: 

17 , respectively*' 4 . Part or all of this discrepancy may be due 



NRM POST-FLIGHT 



Figure 5. Pos C - miss ion 
intervals with the NRM ins 
699 keV is identified with 
in orbit by interactions o 
in the central detector. 
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•v-ray spectra accumulated at various 
de a low -background shield. The line at 
126 x (t - 13 d). The latter is prodded 
energetic neutrons and protons with I 


Table I. Measurements of Activity 


Mission 

activity (decays/s/kg-Nal) 

Apollo 17 

5.0 ± 2.5 

ASTP 

-2.5 

Spacelab 2 

-0.5 




rjsrs. ~ «* . .«»■ •« > » » 

smaller chan on Apollo 17. 

SUMMARY 

We have seen spectral and temporal ’“ 1 « l ”*.‘ ,, tf , d i™«^Uh 
and charged particle event rates w c background on Spacelab 

among the major components of t e ra enable us to determine 

2. further ialyals of these variations . will ‘“ bl t ' e “y° ecra£t , a 

che contribution due to secon ay energy astrophysics 

ll A f Z ^ tr Ss and materials 
such as photographic films and biological samples. 
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